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Abstract 

We assume that the scale of the soft supersymmetry breaking masses, mg, sliding at tree 
level, is fixed by the minimization of the potential, but without a significant contribution 
of the cosmological term. Under these assumptions the electroweak breaking scale gets 
related to mg by a loop factor. Applied to specific models of supersymmetry breaking, 
this mechanism naturally gives sparticles slightly above all present accelerator bounds. 



1 The search for supersymmetry has not been success- 
ful so far. No superpartner has been found yet. At the 
same time, the lower limit on the mass of the Higgs field, 
m/j, is steadily growing and already covers a large por- 
tion of the range expected for the mass of the lightest 
Higgs scalar in the Minimal Supersymmetric Standard 
Model (MSSM). 

In some way, this is in contrast with the spectacular 
success of the correlation foreseen in a unified supersym- 
metric theory between the strong coupling constant 0:3 
and the weak mixing angle jjj . Similarly, the significant 
direct lower limit on the Higgs mass must be contrasted 
with the range for the same mass indirectly indicated 
by the electroweak precision tests [||, centered on the 
expectation in a supersymmetric extension of the SM. 

We have to be more precise here. As well known, the 
successful prediction for a^iMz) in a unified supersym- 
metric theory in no way requires superpartners so light 
that they had to be already discovered. On the contrary, 
if one could neglect uncertainties in this prediction as- 
sociated for example with the threshold effects at uni- 
fication or with the nearby scale of gravity, the central 
value of the prediction, a 3 (M z ) = 0.128(10) @, slightly 
higher than the observed value, a^{Mz)-g^ = 0.119(3), 
might even indicate superpartners heavier than those 
accessible to present day searches. 

The problem, rather, is of theoretical nature and 
is related to the fine-tuning argument. In existing su- 
persymmetric models, all superpartner masses can be 
pushed above the present experimental limits only at 
the price of some level of apparently accidental tuning 
among different parameters [ij. While such tuning for 
sure cannot be excluded, it would be better to have an 
explanation for it. Such an explanation would be partic- 
ularly welcome if, at the same time, it shed some light 



on the same actual values of supcrparticlc masses. 

The problem in existing models is the occurrence of 
at least one of the following two instances. Without 
fine-tuning, either the underlying physics sets, at low- 
est order, the Higgs mass parameters at values similar 
to ms, the typical supersymmetric mass, or the radia- 
tive corrections to the Higgs masses involve large log- 
arithms and make them again comparable to ms (or 
more precisely to the gluino mass). Hence an expecta- 
tion for ms in the same range of Mz, taking into account 
the gauge nature of the quartic couplings of the MSSM 
Higgs fields. In our view, to find a model which avoids 
both these correlations between the Higgs mass param- 
eters and ms in a natural way is a phenomenologically 
relevant and theoretically well defined problem. In such 
a model Mf would be related to ml by a loop factor 
without large logarithms, thus relaxing the naturalness 
upper bounds on sparticle masses. 

We do not know of a straight solution for this prob- 
lem. We can, however, present a hypothesis which, if 
it were satisfied in a given model, would precisely solve 
it. As we shall see, the implications for some of the 
superpartner masses would also be rather precise. 

2 We assume that a theory exists where the scale of the 
soft supersymmetry breaking masses is not fixed at the 
classical level but is rather determined by the quantum 
corrections associated with the light MSSM fields ||. 
Furthermore we assume that the cosmological term in 
the effective potential, to be precisely defined in a while, 
does not influence in a significant way such determina- 
tion. 

A specific implementation of this hypothesis could 
be as follows. All soft supersymmetry breaking masses 
are proportional to a unique dynamical field ms, which 



parameterizes a fiat direction of the potential at the 
classical level. This ms field must be viewed as an ex- 
tra dynamical variable in addition to the usual MSSM 
Higgs fields h u and ||. Furthermore in the effec- 
tive potential V e g(h u , /id, ms), t ne "cosmological term" 
V^ff(0,0,ms) is either identically vanishing or is small 
enough not to influence the determination of ms- 

In general V e s (0, 0, ms), which receives contributions 
from all particles coupled to ms, is expected to contain 
both a quadratic and a logarithmic term in the cut-off. 
At one loop these terms are respectively proportional 
to STrA/ 2 and STrA/ 4 , where M is the general, m s - 
dependent mass matrix in the theory. We can offer no 
explanation of why these terms, or those occurring in 
higher order, should cancel out to a sufficient degree not 
to play any significant role in the determination of ms , 
but this is what we assume. This might perhaps have 
something to do with the problem of the cosmological 
constant. 

The point of this paper is that, if this hypothesis can 
be met, not only ms is fixed at an exponentially small 
value with respect to the cut-off but also the problem 
formulated in the previous section is neatly solved. 

In words, the idea can be simply explained as fol- 
lows. By the usual Coleman- Weinberg mechanism the 
relevant Higgs squared mass, which is born positive at 
the cut-off A, is led to zero in the infrared at a scale Q 
exponentially far from A ||. If ms were fixed, Q would 
have to be bigger than ms but would otherwise be unre- 
lated to it. On the contrary, if ms is a dynamical field, 
the minimization of the potential wants ms to get close 
to Q. This is precisely what one is looking for. In this 
way Mz gets related to ms by a loop factor without 
large logarithms. 

3 The analytic implementation of this idea is as fol- 
lows. The MSSM Higgs potential for the neutral Higgs 
fields is 
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where g 2 = g\ + g\ and the fj, 2 must be viewed as pro- 
portional to m|, like all other mass parameters in the 
Lagrangian. A further logarithmic dependence on ms 
of the [i 2 is induced by the usual running. 

Minimizing V with respect to the Higgs fields gives 
V m m = -/4 ff /2<? 2 where 
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g 2 v 2 cos 2(3 = 2/4j (2) 



and 



Moff = Mu ~ A + V (j4 + Md) 2 - 4 /4d 



(3) 

Having assumed that no other ms dependent term con- 
tributes significantly to V, the "sliding scale" ms is de- 
termined by the minimization of V min . Neglecting the 
running of g, which becomes formally a two loop effect, 
we obtain 
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where the dot stands for d/dlnfi and /i is the running 
scale. An explicit calculation gives 



Aeff = [Au sin2 P + Ad cos 2 (3 - 2/i 2 d sin (3 cos (3] 

cos 2(3 



so that, using (||) and M§ = g 2 v 2 /2, we get 
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Upon replacement of the /i 2 with their explicit expres- 
sions, this is a relation between M§ and the soft su- 
persymmetry breaking masses involving a loop factor as 
promised. This relation supplements the standard for- 
mula 

M§ = /x 2 -^ 2 tan 2 /3 
2 
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and implies an apparent fine tuning of order (4-7r) 2 in it. 

Eq. (|^) is a lowest order formula. A dominant cor- 
rection to it occurs via the effects of the top/stop ex- 
changes on the quartic Higgs couplings, as in the case 
of the Higgs masses 0. As well known, for ms Mz, 
only one Higgs field h remains light from (Q), approxi- 
mately given by h = h d cos (3 + h u sin (3. The potential 
in this only field h is V(h) = m 2 h 2 + Ah 4 , where 
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which also includes the top/stop effects. Minimizing 
V(h), as before, with respect to h and to ms leads to the 
same equation (^) with the replacement M§ cos 2 2(3 — > 
where m^ coincides with the lightest Higgs mass in 



the approximation that we arc considering. 

4 Let us now discuss the consequences of our assump- 
tions. For simplicity we will present them in the limit of 
moderately large tan/3 ~ (5-f- 10), so that (^) simplifies 
to 



M 2 = 



1 



(4tt) ; 



[6A 2 (/i 2 + 2m?) - 4c^. 9 2 (M 2 + M 2 )] 



where 2m 2 = 



m ~ + mj + Ai is a combination of stop 

mass parameters, {c^ , c% , c|} = {3/10,3/2,0}, and we 
have used standard notations for the various parame- 
ters. The standard minimization, eq. (j?]), tells that 
/i 2 = — Mf/2 is negligible. If also the terms propor- 
tional to the electroweak gauge couplings can be ne- 
glected, then mi tn 4nMz/Vl2- Knowing the value of 
the stop scale, we can estimate that top/stop loop ef- 
fects increase by ~ (20 -j- 30)% the Higgs mass above 
the tree level MSSM prediction (m^ = Mz in the large 
tan (3 and heavy sparticle limits). For tan/3 > 5, m^ 
ranges from 110 to 120 GeV. As said, these loop correc- 
tions also increase by the same amount the prediction 
for m h so that m~ t ~ (380 -7- 430) GeV. 
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Figure 1: Correlation between the chargino and the 
Higgs mass in minimal super -gravity. Sampling spectra 
excluded (allowed) by accelerator bounds arc drawn in 
light red (dark green). The two branches arise from op- 
posite signs of /i. 



Contrary to the case of the standard minimization (0), 
a significant cancellation in (^J) can make sparticles un- 
naturally heavier than their typical values only for quite 
unplausiblc values of the parameters. Such cancellations 
do not happen in some popular models. 

In minimal supergravity j^] (i.e. with universal soft 
terms at the unification scale) the RGE effects that in- 
duce EW symmetry breaking below the scale Q arc dom- 
inated by the strong sector. In fact Q is most naturally 
of order of the scale at which the strong coupling be- 
gins to be 'strong' and the gluino begins to be 'heavy'. 
For wide ranges of boundary conditions at the unifi- 
cation scale, terms proportional to the squared gluino 
mass end up dominating the r.h.s. of (|6|). that there- 
fore becomes mainly a prediction for the gluino mass: 
M 3 (M 3 ) w 450 GeV| cos 2/3|. For moderately large tan/3 
this implies a chargino mass m x « 125 GeV. A sampling 
of the parameter space (see fig. 1) shows that in about 
half of this space (and almost always when tan (3 > 4) the 
self-tuning mechanism naturally gives sparticles above 
all accelerator exclusion bounds, but not far from them. 
Sparticlc loop effects often produce too large corrections 
to BR(£> — > X s j); a significant part of the remaining 
portion of the parameter space should be probed by the 
planned measurement of anomalous magnetic moment 
of the muon. The thermal relic abundance of neutrali- 
nos || can be in the cosmologically interesting range. 

In more predictive models eq. (JsJ) allows to fix the 
sparticlc spectrum. This happens for example in gauge 
mediation models lllCj] if we assume that the unknown 



physics that generates the \x term does not give at the 
same time additional contributions to the Higgs and 
stop masses. In this case the sparticle spectrum is de- 
termined as function of tan /3, of the effective number of 
messengers n and of the mediation scale M . For moder- 
ately large tan/3 the right-handed sleptons are heavier 
than 100 GeV when M > 10 10 GeV. In this region the 
gluino mass depends mainly on n and ranges between 
350 and 430 GeV. 

Finally, a general consequence of our assumptions is 
the presence in mg of at least one scalar field. Depending 
on its unknown kinetic term, it could either be a light 
scalar with small couplings, constrained by 'fifth force' 
experiments, or, in the opposite limit, it could manifest 
itself as a state with a weak scale mass, that contributes 
to the invisible width of the Higgs and sligthly mixes 
with it. 
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